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Provided is a method of identifying authenticity of oil by
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developer to develop a color and then measuring absor-
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authenticity of oil due to a rapid reaction rate, excellent
reproducibility, and distinct color development that may be
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1
DIAMINE-BASED OIL MARKER
COMPOSITIONS AND METHOD OF
IDENTIFYING OIL PRODUCT USING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Appli-
cation Nos. 10-2013-0150339 and 10-2014-0161854 filed
Dec. 5,2013 and Nov. 19, 2014, respectively, the disclosures
of which are hereby incorporated in their entirety by refer-
ence.

TECHNICAL FIELD

The following disclosure relates to a method of identify-
ing authenticity of oil using ninhydrin as a developer.

More particularly, the following disclosure relates to a
method of quantitatively and qualitatively identifying
authenticity of oil by reacting oil marked by an oil marker
composition containing a diamine-based compound with
ninhydrin to develop a color.

BACKGROUND

In order to prevent environmental contamination and
reducing the lifetime of a vehicle caused by illegal use of
petroleum due to the rapid rise in crude oil prices, a
petroleum marker for preventing use of adulterated gasoline
and illegal use of tax-free oil for a specific purpose has been
introduced and used. In addition, as a petroleum purification
technology is advanced in accordance with development of
a petrochemical technology, each of the oil refinery compa-
nies invests large sums of money to ensure and maintain
quality competitiveness. Therefore, the oil marker compo-
sition has been introduced for brand imaging of each of the
oil refinery companies and quality verification. The oil
marker composition was firstly added to gasoline, but cur-
rently, the oil marker composition is used in up to LPG,
diesel, and kerosene.

A marking method for identification of petroleum prod-
ucts has been significantly developed since 1980s, and
currently, three types of marking methods have been known.

As the first type, there is 1) a method of adding an aromatic
material including a diazo group and adding an acid or base
to reveal a color, ii) a method of adding an aromatic amine
or phenols and then adding diazonium to extract a developer
in petroleum (organic solution) and perform qualitative and
quantitative analysis, or the like. The above-mentioned
methods are cheaply performed and have an excellent color
development property, but there are disadvantages in that
mechanical measurement is difficult, visual identification
should be performed, and it is difficult to carry the developer,
etc., such that these methods are not used.

As the second type, there is a method of changing a color
of the entire petroleum (organic solution) by injecting a
nearly colorless oil marker composition to change a struc-
ture of the developer dissolved in petroleum (organic solu-
tion). This method is currently mainly used.

As the third type, there is a method of performing
mechanical quantitative analysis using a dye absorbing light
in near infrared region. However, a used device is signifi-
cantly expensive and frequently out of order, and solubility
of the dye for the petroleum is poor, such that precipitates
may be precipitated.
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2

In the first type of identifying authenticity of oil, a method
of identifying authenticity of oil using an amine based
compound and a derivative thereof may be performed by
inducing color development using a quinhydrone reaction, a
ninhydrin reaction, a Dragendorff reaction, and the like.

However, in the case of the method of identifying authen-
ticity of oil by reacting the amine based compound and the
derivative thereof and ninhydrin as a developer with each
other, there were problems in that a reaction rate was
significantly slow, heat should be applied in order to induce
the reaction, and the reaction was reversible, such that the
reaction was not stable, and as a result, reproducibility was
low.

RELATED ART DOCUMENT
Patent Document

(Patent Document 1) Korean Patent No. 10-1058120
(Patent Document 2) U.S. Patent Publication No. 6002056

SUMMARY

An embodiment of the present invention is directed to
providing an oil marker composition containing a diamine-
based compound capable of rapidly reacting with ninhydrin
at room temperature, and a method of identifying authen-
ticity of oil using the same.

Another embodiment of the present invention is directed
to providing a diamine-based oil marker composition
capable of causing a distinct change in a color through a
ninhydrin reaction in spite of a small content in oil and
forming a stable structure to secure high reproducibility, and
a method of identifying oil using the same.

In one general aspect, an oil marker composition contains
a diamine-based compound represented by the following
Chemical Formula (1).

Chemical Formula (1)

R, R;

| |
R—N—A—N—R,

(In Chemical Formula (1),

R1 to R4 may be each independently hydrogen, substi-
tuted or unsubstituted (C1-C12)alkyl, or (C6-C20)aryl;

A may be (C1-Cl2)alkylene, (C6-C20)arylene, or (C3-
C20)heteroarylene, and the alkylene, arylene, and het-
eroarylene being each independently substituted with one or
more substituents selected from halogen, (C1-C12)alkyl,
carboxyl (C—(O)OH), amino, cyano, nitro, and hydroxyl;
and

the substituent of arylene and heteroarylene of A may be
each independently bonded to any one of R1 to R4 to form
a ring, the ring being further substituted with one or more
substituents selected from halogen, (C1-C12)alkyl, carboxyl
(C—(0)OH), amino, cyano, nitro, and hydroxyl.)

In another general aspect, a method of identifying oil
includes reacting oil marked by an oil marker composition
containing a diamine-based compound represented by the
following Chemical Formula (1) with ninhydrin.

Chemical Formula (1)

R, R;

| |
R—N—A—N—R,
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(In Chemical Formula (1),

R1 to R4 may be each independently hydrogen, substi-
tuted or unsubstituted (C1-C12)alkyl, or (C6-C20)aryl;

A may be (C1-Cl2)alkylene, (C6-C20)arylene, or (C3-
C20)heteroarylene, the alkylene, arylene, and heteroarylene
being each independently substituted with one or more
substituents selected from halogen, (C1-C12)alkyl, carboxyl
(C—(0)OH), amino, cyano, nitro, and hydroxyl; and

the substituent of arylene and heteroarylene of A may be
each independently bonded to any one of R1 to R4 to form
a ring, the ring being further substituted with one or more
substituents selected from halogen, (C1-C12)alkyl, carboxyl
(C—(0O)OH), amino, cyano, nitro, and hydroxyl.)

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exemplary view showing reproducibility
experiment results of ethylenediamine, which is an example
of an oil marker composition containing a diamine-based
compound according to the present invention, for each
sample.

FIG. 2 is an exemplary view showing reproducibility
experiment results of butylamine, which is an example of
normal alkyl amine, for each sample depending on the
wavelength.

FIG. 3 is an exemplary view showing a change in absor-
bance of butylamine, which is an example of normal alkyl
amine, depending on the time at a wavelength of 420 nm.

DETAILED DESCRIPTION OF EMBODIMENTS

Hereinafter, the present invention will be described in
detail through Examples and drawings, but the Examples are
only to describe the gist of the present invention. Mean-
while, the present invention is not limited to process con-
ditions suggested in the following Examples, and it is
obvious to those skilled in the art that the process conditions
may be optionally selected within a range of conditions
required to achieve an object of the present invention.

Here, technical terms and scientific terms used in the
present specification have the general meaning understood
by those skilled in the art to which the present invention
pertains unless otherwise defined, and a description for the
known function and configuration unnecessarily obscuring
the present invention will be omitted in the following
description and the accompanying drawings.

The present invention may provide an oil marker com-
position containing a diamine-based compound and a
method of identifying oil using the same.

More specifically, the present invention may provide a
method of qualitatively or quantitatively identifying authen-
ticity of petroleum by reacting oil marked by the oil marker
composition containing the diamine-based compound with
ninhydrin, which is a developer, to develop a color and
observing the color with the naked eyes or measuring
absorbance using an absorbance measuring apparatus.

In addition, the present invention may provide a method
of identifying oil capable of having excellent reproducibility
without a reversible reaction due to a structurally stable
product formed by a reaction of the oil marker composition
containing the diamine-based compound and ninhydrin and
capable of confirming whether or not the color is developed
with the naked eyes even with a small amount of the oil
marker composition.

That is, the present invention may provide an oil marker
composition containing a diamine-based compound repre-
sented by the following Chemical Formula (1).
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Chemical Formula (1)

R R

| |
R—N—A—N—R,

(In Chemical Formula (1),

R1 to R4 may be each independently hydrogen, substi-
tuted or unsubstituted (C1-C12)alkyl, or (C6-C20)aryl;

A may be (C1-Cl2)alkylene, (C6-C20)arylene, or (C3-
C20)heteroarylene, the alkylene, arylene, and heteroarylene
being each independently substituted with one or more
substituents selected from halogen, (C1-C12)alkyl, carboxyl
(C—(0)OH), amino, cyano, nitro, and hydroxyl; and

the substituent of arylene and heteroarylene of A may be
each independently bonded to any one of R1 to R4 to form
a ring, the ring being further substituted with one or more
substituents selected from halogen, (C1-C12)alkyl, carboxyl
(C—(0)OH), amino, cyano, nitro, and hydroxyl.)

As used therein, the term [aryl|, which is an organic
radical derived from an aromatic hydrocarbon by removal of
one hydrogen, may mean a monocyclic or polycyclic aro-
matic hydrocarbon radical and include a form in which two
or more aryls are combined through single bond(s). In
addition, the aryl may be (C6-C20)aryl, preferably, (C6-
Cl12)aryl.

As an aspect of the present invention, there is provided an
oil marker composition containing a diamine-based com-
pound represented by following Chemical Formula (2) or

3).

Chemical Formula (2)

R, R;
| |
R—N. N—Ry
o7
Chemical Formula (3)
Rg R,
|
R N
g,
R4
Re lel/
Rs R;

(In Chemical Formula (2),

R1 to R4 may be each independently hydrogen, substi-
tuted or unsubstituted (C1-C12)alkyl, or (C6-C20)aryl; and

n is an integer of 1 to 8.

In Chemical Formula (3),

R1 to R4 may be each independently hydrogen, substi-
tuted or unsubstituted (C1-C12)alkyl, or (C6-C20)aryl;

R5 to R8 may be hydrogen, halogen, (C1-C12)alkyl,
(C6-C20)aryl, carboxyl (C—(0O)OH), amino, cyano, nitro,
or hydroxyl;

RS to R8 may be each independently bonded to each other
to form an aromatic ring, a carbon atom of the aromatic ring
being further substituted with any one or more hetero atoms
selected from N, S, and O; and

R1 to R4 may be each independently bonded to any one
selected from RS to R8 to form an aliphatic ring, the
aliphatic ring being further substituted with one or more
substituents selected from halogen, (C1-C10)alkyl, carboxyl
(C—=(0)OH), cyano, nitro, and hydroxyl.)

Here, preferably, R1 to R4 may be each independently
hydrogen, (C2-C6)alkyl, or (C6-C12)aryl, RS to R8 may be
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hydrogen, halogen, (C1-C6)alkyl, (C6-C20)aryl, carboxyl
(C—(0O)OH), amino, cyano, nitro, or hydroxyl. More pref-
erably, n may be an integer of 1 to 4.

Generally, in the case of normal alkyl amine and a
derivative thereof used in order to identify authenticity of oil
through a ninhydrin reaction, there were problems in that a
reaction rate with ninhydrin corresponding to a developer is
significantly slow, and reactivity at room temperature was
weak, such that the reaction needs to be induced by heating.

In addition, since a product after reaction was not struc-
turally stable, and accordingly the reaction was reversible,
reproducibility was low, such that it was difficult to quan-
titatively and qualitatively confirm authenticity of oil.

In detail, referring to FIG. 3, as shown in a result obtained
by measuring absorbance of butylamine, which is an
example of normal alkyl amine, depending on time at a
wavelength of 420 nm, it may be appreciated that even
though a reaction time was over 30 minutes, a reaction was
continuously carried out, such that absorbance was
increased. Therefore, it may be confirmed that a reaction rate
was significantly slow.

In addition, referring to FIG. 2, as a result of measuring
absorbance of butylamine, which is the example of normal
alkyl amine, in each sample at 420 to 610 nm, the absor-
bance was significantly different depending on the sample.
Therefore, it may be confirmed that a product formed by a
reaction of butylamine and ninhydrin was not structurally
stable, and the reaction was reversible, such that reproduc-
ibility was deteriorated.

However, as shown in a result of measuring reproducibil-
ity of ethylenediamine, which is an example of a diamine-
based oil marker composition according to the present
invention, depending on the wavelength of FIG. 1, the oil
marker composition containing the diamine-based com-
pound represented by Chemical Formula (2) or (3) accord-
ing to the present invention may rapidly react with ninhydrin
at room temperature and be structurally stable to thereby
have excellent reproducibility. In addition, even though a
small amount of the oil marker composition according to the
present invention is contained in oil, the oil marker compo-
sition may induce a color development reaction with nin-
hydrin.

As the oil marker composition containing the diamine-
based compound according to the present invention, any
material may be used without limitation as long as in
Chemical Formula (2), R1 to R4 are each independently
hydrogen, substituted or unsubstituted (C1-C12)alkyl, more
preferably, (C2-C6)alkyl, or (C6-C20)aryl, and n is an
integer of 1 to 8, preferably 1 to 4. As an example of the oil
marker composition, there is ethylenediamine, trimethylene-
diamine, 1,5-diamino-2-methylpentane, 1,3-diaminopro-
pane, 1,4-diaminobutane, or the like, but the present inven-
tion is not limited thereto.

As the oil marker composition containing the diamine-
based compound according to the present invention, any
material may be used without limitation as long as in
Chemical Formula (3), R1 to R4 are each independently
hydrogen, substituted or unsubstituted (C1-C12)alkyl, more
preferably, (C2-C6)alkyl, or (C6-C20)aryl, RS to R8 are
hydrogen, substituted or unsubstituted (C1-C12)alkyl
(which are the same as or different from each other), more
preferably, (C1-C6)alkyl or (C6-C20)aryl. As an example of
the oil marker composition, there is ortho-phenylenedi-
amine, 1,2-diamino-3,5-dimethylbenzene, or the like, but
the present invention is not limited thereto.
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6
In addition, R5 and R6, R6 and R7, or R7 and RS in
Chemical Formula (3) may be bonded to each other and may
form an aromatic ring including C or N.

That is, in the diamine-based oil marker composition
according to the present invention, RS and R6, R6 and R7,
or R7 and R8 in Chemical Formula (3) may be bonded to
each other to thereby form the aromatic ring including C or
N.

As used herein, the term [aromatic ring], which includes
(C6-C50)aryl or (C6-C50)heteroaryl, may mean a monocy-
clic or polycyclic ring, and the heteroaryl may include at
least one hetero atom selected from O, N, S, Si, and P. The
aromatic ring may be preferably a (C6-C30) aromatic ring,
more preferably, a (C6-C20) aromatic ring, but is not limited
thereto.

A representative example of a compound of Chemical
Formula (3) in which RS and R6, R6 and R7, or R7 and R8
are bonded to each other to thereby form an aryl group
including C or N may include compounds represented by the
following Chemical Formulas (4) to (6), but is not limited
thereto.

Chemical Formula (4)

NH,
NH,
Chemical Formula (5)
NH,
NH,
Chemical Formula (6)
N NH,
/
x
N NH,

Further, in the compound of Chemical Formula (3)
according to the present invention, R1 or R2 may be bonded
to R8, and R3 or R4 may be bonded to RS, thereby forming
an aliphatic ring.

More specifically, in Chemical (3), R1 or R2 may be
bonded to R8, and R3 or R4 may be bonded to RS, thereby
forming a 5-membered or 6-membered aliphatic ring.

As used herein, the term [aliphatic ring |, which includes
(C6-C50)cycloalkyl or (C6-C50)heterocycloalkyl, may
mean a monocyclic or polycyclic ring, and the heterocy-
cloalkyl may include at least one hetero atom selected from
O, N, S, Si, and P. The aliphatic ring may be preferably a
(C6-C30) aliphatic ring, more preferably, a (C6-C20) ali-
phatic ring, but is not limited thereto.

Here, preferably, the heterocycloalkyl may include a
nitrogen atom, an oxygen atom, a sulfur atom, or the like, in
addition to a carbon atom.

An example of the oil marker composition containing the
diamine-based compound represented by Chemical Formula
(3) including the aliphatic ring may include compounds
represented by the following Chemical Formulas (7) to (10),
or the like, but is not limited thereto.
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Chemical Formula (7)

Ry, NH

9

R,
Ry, NH
Ry¢ NH,
R

9

Ry, NH
R, NH

0
O, Ow
% NH
NH,

Here, R9 to R11 may be hydrogen, substituted or unsub-
stituted (C1-C12)alkyl (which are the same as or different
from each other), more preferably (C1-C6)alkyl, or (C6-
C20)aryl.

In addition, the present invention relates to a method of
identifying authenticity of oil by reacting oil marked by the
oil marker composition containing the diamine-based com-
pound represented by the following Chemical Formula (1)
with ninhydrin to induce color development.

That is, the present invention relates a method of identi-
fying oil including reacting oil marked by an oil marker
composition containing a diamine-based compound repre-
sented by the following Chemical Formula (1) with ninhy-
drin.

In the method of identifying oil according to the present
invention, as compared to a method of identifying oil using
normal alkyl amine and a derivative thereof as an oil marker
composition, a rapid reaction rate may be secured even at
room temperature and authenticity of oil may be identified
with excellent reproducibility by using a structurally stable
oil marker composition.

The oil marker composition used in the method of iden-
tifying oil according to the present invention may include all
of the above-mentioned diamine based compounds accord-
ing to the present invention.

According to the present invention, a content of the oil
marker composition containing the diamine-based com-
pound represented by Chemical Formula (1) in the oil is not
limited, but may be preferably 1 ppm or more. There is no

limitation in the maximum content of the oil marker com-
position, but it is more preferable that the oil marker

Chemical Formula (8)

Chemical Formula (9)

Chemical Formula (10)
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composition is used in a range of 1 to 500 ppm. However,
the present invention is not limited thereto.

That is, even though only a small amount of the oil marker
composition containing the diamine-based compound rep-
resented by Chemical Formula (1) is contained in oil, the oil
marker composition may generate a color reaction by nin-
hydrin and induce color development enough to identify
authenticity of oil with the naked eyes.

A developer reacting with the oil containing the oil
marker composition containing the diamine-based com-
pound represented by Chemical Formula (1) is ninhydrin
and may be represented by the following Chemical Formula

11).

Chemical Formula (11)

OH

OH

¢}

A concentration of the ninhydrin developer reacting with
the oil marker composition according to the present inven-
tion is not particularly limited and may be various, but it is
preferable that the ninhydrin developer is contained in an
enough amount to react with a diamine-based marker con-
tained in a sample collected from petroleum products con-
taining the oil marker composition to thereby develop a
color.

As a non-restrictive example, an amount of the ninhydrin
developer may be 1 ppm or more and there is no limitation
in the maximum amount, but the amount of the ninhydrin
developer may be preferably 1 to 10,000 ppm, more pref-
erably 1 to 5,000 ppm. However, the present invention is not
limited thereto.

In the case of inducing the ninhydrin reaction of the
ninhydrin developer as described above and the oil marker
composition containing the diamine-based compound rep-
resented by Chemical Formula (1), whether or not a color is
developed may be confirmed with the naked eyes, and the
developed color may be dark yellow or purple, but is not
limited thereto.

That is, in the case in which the oil marked by the oil
marker composition containing the diamine-based com-
pound represented by Chemical Formula (1) according to
the present invention reacts with ninhydrin, which is the
developer, color development occurs in the oil, and the color
development may be qualitatively identified by the naked
eyes. Further, in the case of using an absorbance measuring
apparatus, the color development may be quantitatively
measured.

Therefore, the method of identifying oil according to the
present invention may be a method of identifying oil includ-
ing: reacting oil marked by an oil marker composition
containing the diamine-based compound represented by
Chemical Formula (1) with ninhydrin; and measuring absor-
bance using an absorbance measuring apparatus.

Any absorbance measuring apparatus may be used with-
out limitation as long as color development may be quan-
titatively measured, but considering that authenticity of oil
may be instantly identified in the field, a portable UV/Vis
spectrophotometer is preferable, but the present invention is
not limited thereto.
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As oil that may be identified by the method of identifying
oil according to the present invention, any oil may be used
as long as it may dissolve the diamine-based compound
represented by Chemical Formula (1) as the oil marker
composition. A non-restrictive example of the oil may
include mineral oil, base oil, kerosene, lubricating oil,
gasoline, mixed oil thereof, or the like, but is not limited
thereto.

Hereinafter, Preparation Examples of the oil marker com-
position containing the diamine-based compound according
to the present invention and Examples of reacting oil marked
by the oil marker composition with ninhydrin and measuring
absorbance will be described, but it is obvious to those
skilled in the art that the following Examples are only
examples according to the present invention and do not limit
the technical idea of the present invention.

Preparation Example 1
Preparation of Disulfonamide

Ortho-phenylenediamine (4.1 g) was dissolved in dichlo-
romethane (100 mL) and then cooled to 0° C. Pyridine (6.1
ml) and para-toluenesulfonyl chloride (14.5 g) were slowly
injected into the solvent and then heated to room tempera-
ture (23° C.), followed by stirring for 1 hour. A reaction was
terminated by injecting water, and the produced solid was
obtained by filtration. The solid product was washed with
water again and dried under reduced pressure, thereby
obtaining disulfonamide (10.8 g) as a white solid. A struc-
ture of the prepared material was confirmed by nuclear
magnetic resonance (NMR) analysis: '"H NMR (500 MHz,
CDCl,) 8 7.57 (4H, d, J=8.0 Hz), 7.22 (4H, d, J=8.0 Hz),
7.06-6.99 (2H, m), 6.98-6.91 (2H, m), 6.88 (2H, s), 2.39
(6H, s)

Preparation Example 2
Preparation of Dimethyl Disulfonamide

Sodium hydride (60%, 1.2 g) dispersed in mineral oil was
cooled to 0° C. and slowly injected into N,N-dimethylfor-
mamide (20 mL) being stirred. Disulfonamide (4.2 g) pre-
pared in Preparation Example 1 was injected thereinto and
then stirred at 0° C. for 15 minutes. lodomethane (5 mL) was
slowly injected thereinto, heated to room temperature, and
stirred for 6 hours. A reaction was terminated by injecting
water, and the produced solid was obtained by filtration. The
solid product was washed with water again and dried under
reduced pressure, thereby obtaining dimethyl disulfonamide
(4.5 g) as a white solid. A structure of the prepared material
was confirmed by nuclear magnetic resonance (NMR)
analysis: 'H NMR (500 MHz, CDCl,) d 7.72 (4H, d, ]-8.0
Hz), 7.33 (4H, d, J=8.0 Hz), 7.29-7.20 (2H, m), 6.94-6.84
(2H, m), 3.21 (6H, s), 2.48 (6H, s)

Preparation Example 3

Preparation of N,N'-Dimethyl
Ortho-Phenylenediamine (Oil Marker Composition
According to the Present Invention)

Dimethyl disulfonamide (4.5 g) prepared in Preparation
Example 2 was dissolved in 90% sulfuric acid (28 mL) and
heated to 100° C., followed by stirring 8 hours. After cooling
the resultant to room temperature, ice was injected thereto
and solid sodium hydroxide was slowly injected thereto to
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adjust pH to 11. After stirring the mixture for 1 hour, the
mixture was extracted with diethylether (100 mL). After the
extracted organic layer was dried by injecting sodium sul-
fate, followed by distillation under reduced pressure, thereby
obtaining N,N'-dimethyl ortho-phenylenediamine (1.9 g) as
a colorless liquid. A structure of the prepared material was
confirmed by nuclear magnetic resonance (NMR) analysis:
'H NMR (500 MHz, CDCl,) 8 6.86-6.80 (2H, m), 6.71-6.64
(2H, m), 3.27 (2H, br s), 2.86 (6H, s)

Example 1

10 mg of ethylenediamine was added to 1 kg of kerosene.
In the case of putting 10 mL of the prepared solution into a
20 mL glass bottle and then adding 0.2 mL of a ninhydrin
indicator thereto as a developer, a solution color was
changed to purple. In this case, when absorbance was
measured using a spectrometer, the maximum absorbance
was obtained at 420 nm.

Example 2

10 mg of 1,4-aminobutane was added to 1 kg of kerosene.
In the case of putting 10 mL of the prepared solution into a
20 mL glass bottle and then adding 0.2 mL of a ninhydrin
indicator thereto as a developer, a solution color was
changed to purple. In this case, when absorbance was
measured using a spectrometer, the maximum absorbance
was obtained at 420 nm.

Example 3

10 mg of ortho-phenylenediamine was added to 1 kg of
kerosene. In the case of putting 10 mL of the prepared
solution into a 20 mL glass bottle and then adding 0.2 mL.
of a ninhydrin indicator thereto as a developer, a solution
color was changed to yellow. In this case, when absorbance
was measured using a spectrometer, the maximum absor-
bance was obtained at 520 nm.

Example 4

10 mg of 2.3-diaminonaphthalene was added to 1 kg of
kerosene. In the case of putting 10 mL of the prepared
solution into a 20 mL glass bottle and then adding 0.2 mL.
of a ninhydrin indicator thereto as a developer, a solution
color was changed to yellow. In this case, when absorbance
was measured using a spectrometer, the maximum absor-
bance was obtained at 520 nm.

Example 5

10 mg of N,N'-dimethyl ortho-phenylenediamine was
added to 1 kg of kerosene. In the case of putting 10 mL of
the prepared solution into a 20 mL glass bottle and then
adding 0.2 mL of a ninhydrin indicator thereto as a devel-
oper, a solution color was changed to yellow. In this case,
when absorbance was measured using a spectrometer, the
maximum absorbance was obtained at 520 nm.

Example 6

10 mg of 2,3-diaminophenazine was added to 1 kg of
kerosene. In the case of putting 10 mL of the prepared
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solution into a 20 mL glass bottle and then adding 0.2 mL.
of a ninhydrin indicator thereto as a developer, a solution
color was changed to yellow. In this case, when absorbance
was measured using a spectrometer, the maximum absor-
bance was obtained at 520 nm.

Example 7

10 mg of 8-amino-1,2,3,4-tetrahydroquinoline was added
to 1 kg of kerosene. In the case of putting 10 mL of the
prepared solution into a 20 mL glass bottle and then adding
0.2 mL of a ninhydrin indicator thereto as a developer, a
solution color was changed to yellow. In this case, when
absorbance was measured using a spectrometer, the maxi-
mum absorbance was obtained at 520 nm.

TABLE 1

10

12
there are advantages such as excellent reactivity even at
room temperature and a short reaction time, as compared to
normal alkyl amine.

The oil marker composition containing the diamine-based
compound according to the present invention may rapidly
react with ninhydrin at room temperature (23° C.) to develop
a color, thereby making it possible to quantitatively and
qualitatively measure authenticity of oil.

Further, since the product formed by the reaction between
the oil marker composition containing the diamine-based
compound according to the present invention contained in
the oil and ninhydrin may have excellent stability, distinctly
change the color, and have excellent reproducibility, even

Comparison of Absorbance and Reaction Time

between Oil Marker Composition containing the Diamine-Based

Compound According to Present Invention and Normal Alkyl

Amine Compound

Chemical
Formula of Reaction Maximum
Compound Temperature  Absorbance Reaction Time
Example 1 /_\ Room 420 nm within
ILN NIL, Temperature 30 seconds
Example 2 /\/\/NHZ Room 420 nm within
HN Temperature 30 seconds
Example 3 NH, Room 520 nm within
Temperature 30 seconds
NH,
Example 4 NH, Room 520 nm within
Temperature 30 seconds
NH,
Example 5 H Room 520 nm within
N\ Temperature 30 seconds
N~
H
Example 6 N, NH, Room 520 nm within
= Temperature 30 seconds
p
=
N NH,
Example 7 Room 520 nm within
Temperature 30 seconds
NH
NH,
Comparative /\/\ Room 420 nm Reaction
Example HN Temperature continuously

proceeds for
5 minutes or
more

As described above, in the case of reacting the oil marked 65

by the diamine-based Oil Marker Composition according to
the present invention with ninhydrin used as a developer,

though only a small amount of the oil marker composition
is contained in the oil, the oil marker composition may
induce color development.
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What is claimed is:

1. An oil marker composition comprising a diamine-based
compound represented by the following Chemical Formulae
(2) or (3), and generating a color reaction by ninhydrin:

Chemical Formula (2)

R R;
| |
R—N N—R,
o
Chemical Formula (3)
Rg Ry
|
R, N
~ R,
R4
R¢ hll/
Rs R3

(In Chemical Formula (2),

R1 to R4 are each independently substituted or unsubsti-
tuted (C1-C12)alkyl, or hydrogen;

n is an integer of 1 to 8§,
and in Chemical Formula (3),

R1 to R4 are each independently hydrogen, substituted or
unsubstituted (C1-C12)alkyl, or (C6-C20)aryl;

RS to R8 are each independently hydrogen, halogen,
(C1-C12)alkyl, (C6-C20)aryl, carboxyl (C—(O)OH),
amino, cyano, nitro, or hydroxyl;

RS to R8 are each independently bonded to each other to
form an aromatic ring, a carbon atom of the aromatic
ring being substituted with any one or more hetero
atoms selected from N, S, and O; and

R1 to R4 are each independently bonded to any one
selected from RS to R8 to form an aliphatic ring, the
aliphatic ring being further substituted with one or
more substituents selected from halogen, (C1-C10)
alkyl, carboxyl (C—(O)OH), cyano, nitro, and
hydroxyl).

2. The oil marker composition of claim 1, wherein in
Chemical Formula (3), RS and R6, R6 and R7, or R7 and R8
are bonded to each other to form an aromatic ring including
Cor N.

3. The oil marker composition of claim 2, wherein the
diamine-based compound of Chemical Formula (3) in which
the aromatic ring including C or N is formed is any one
selected from compounds represented by the following
Chemical Formulas (4) to (6)

Chemical Formula (4)
NH,
NH,
Chemical Formula (5)
NH,
NH,
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-continued
N NH,
7z
A
N NH,.

4. The oil marker composition of claim 1, wherein in
Chemical Formula (3), R1 or R2 is bonded to R8, and R3 or
R4 is bonded to RS, thereby forming a 5-membered or
6-membered aliphatic ring.

5. The oil marker composition of claim 4, wherein a
diamine-based compound of Chemical Formula (3) in which
the S-membered or 6-membered aliphatic ring is formed is

any one selected from compounds represented by Chemical
Formulas (7) to (10)

Chemical Formula (6)

Chemical Formula (7)

Ry NH
Ro
Chemical Formula (8)
Ry, NH
Ryg NH,
Ro
Chemical Formula (9)
Ry NH
Ryo NH
Chemical Formula (10)
O, OW
NH
NH,

(in Chemical Formulas (7) to (10),

R9 to R11 are hydrogen, substituted or unsubstituted
(C1-C12)alkyl (which are the same as or different from
each other), or (C6-C20)aryl).

6. A method of identifying oil comprising: reacting oil
marked by the oil marker composition containing the
diamine-based compound represented by Chemical Formula
(3) of claim 1, with ninhydrin.

7. The method of identifying oil of claim 6, wherein in
Chemical Formula (3), RS and R6, R6 and R7, or R7 and R8
are bonded to each other to form an aromatic ring including
Cor N.

8. The method of identifying oil of claim 7, wherein the
diamine-based compound of Chemical Formula (3) in which
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the aromatic ring including C or N is formed is any one
selected from the compounds represented by the following
Chemical Formulas (4) to (6) of claim 3.

9. The method of identifying oil of claim 8, wherein in
Chemical Formula (3), R1 or R2 is bonded to R8, and R3 or
R4 is bonded to RS, thereby forming a 5-membered or
6-membered aliphatic ring.

10. The method of identifying oil of claim 9, wherein a
diamine-based compound of Chemical Formula (3) in which
the S-membered or 6-membered aliphatic ring is formed is
any one selected from the compounds represented by
Chemical Formulas (7) to (10) of claim 5.

11. The method of identifying oil of claim 6, further
comprising measuring absorbance using an absorbance mea-
suring apparatus.

12. The method of identifying oil of claim 11, wherein a
diamine-based compound represented by Chemical Formu-
lae (2) or (3) is contained at a content of 1 to 500 ppm in the
oil.

13. The method of identifying oil of claim 12, wherein the
oil is any one selected from mineral oil, base oil, kerosene,
lubricating oil, and gasoline.

14. The method of identifying oil of claim 13, wherein
absorbance measured using the absorbance measuring appa-
ratus is 400 to 800 nm.

15. The method of identifying oil of claim 14, wherein the
absorbance measuring apparatus is a portable UV/Vis spec-
trophotometer.
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